The aim of the present work was to examine antioxidant and antimicrobial properties of Tamus communis L. ssp. cretica (L.) Kit Tan (Dioscoreaceae). The applied methods for the antioxidant activity of aqueous extract from the aerial parts of the plant were 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging, flow injection analysis-luminol chemiluminescence (FIA-CL) and thiobarbituric acid (TBA) assays. Total phenolic content of the aqueous extract was determined with spectrophotometric method. The antimicrobial activity of the n-hexane, chloroform, ethyl acetate, and ethanol extracts of the aerial parts of the plant was assessed towards selected bacteria. In addition, mineral composition of the raw plant was examined by atomic absorption spectroscopy. Aqueous extract of T. communis ssp. cretica was found to possess DPPH free radical scavenging activity (IC 50 = 2.85±1.30 mg/mL), inhibitory effect on H 2 O 2 -and HOCl-luminol chemiluminescence (-log IC 50 =3.8±0.09 and IC 50 =1.3x10 -3 ±4.9x10
INTRODUCTION
Tamus communis L. ssp. cretica (L.) Kit Tan (Dioscoreaceae), commonly known as black bryony, is a perennial herbaceous climbing plant with large fleshy tubers. It is distributed all over the tropical and warm temperate regions of the world, and is found under cliffs, rocky lime stone slopes, and steep grassy slopes. T. communis are represented two subspecies in Turkey, namely ssp. communis and subsp. cretica (1) . Both the rhizomes and the berries of the plant have been traditionally used as effective rubefacient and for the treatment of rheumatism, artrosis, lumbago and dermatosis (2) . In Turkish folk medicine, T. communis ssp. cretica, known as "kedi kuyruğu", is externally used for the treatment of rheumatism (3) . T. communis is also called as "sarmaşık, tilkişen, dövülmüş avrat otu, gavur tilkişeni and kara asma" in the West of Turkey and the fleshy aerial parts of the plant are consumed as food (4, 5) .
Previous phytochemical studies on T. communis have resulted in the isolation of a series of phenanthrene derivatives (6-11), spirostane and furostane glycosides (12-14), flavonoids (15) sterols (16), and glucans (17). It was reported that the phenanthrene derivative compounds possessed cytotoxic and antiviral activities (9,18) and flavonoids showed significant antioxidant activity (15). In a previous report, the ethanol extract from T. communis roots was shown to have significant anti-inflammatory and analgesic activities (19, 20) . However, in other previous study, neither aqueous nor ethanol extracts prepared from both roots and aerial parts of T. communis was reported to have any remarkable anti-inflammatory or antinociceptive activities (21).
The aim of the present work was to examine antioxidant and antimicrobial properties of T. communis ssp. cretica. Antioxidant activity of the aqueous extract from the aerial parts of the plant was investigated in different in vitro antioxidant models such as 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging, HOCl-or H 2 O 2 -induced luminol chemiluminesence (CL) and thiobarbituric acid (TBA) assays. Furthermore, the total phenolic content in the aqueous extract was determined. The antimicrobial activity of the n-hexane, chloroform, ethyl acetate and ethanol extracts from the aerial parts of the plant was tested against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterobacter aerogenes, Proteus vulgaris, Salmonella typhimurium and Candida albicans using the microdilution broth susceptibility assay. In addition, mineral composition of the raw plant was examined by atomic absorption method.
MATERIAL AND METHODS

Chemicals
All chemicals were of analytical reagent grade and obtained from the following sources: Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione), ascorbic acid, sodium hydroxide, hexadecyltrimethylammonium bromide (HTAB), cobalt (II) chloride hexahydrate, 1,1-diphenyl-2-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, Bovine brain extract, Na 2 CO 3 , FeCl 3 , butylated hydroxytoluene (BHT), quercetin, and propyl gallate (Sigma-Aldrich Chemical Co., St. Louis, MO, USA); hydrogen peroxide, sodium chloride, potassium dihydrogen phosphade, and methanol (Merck Co. Darmstadt, Germany); sodium hypochloride (Sigma-Aldrich). All other reagents were of analytical grade. A luminol solution, hydrogen peroxide and HOCl solutions were freshly prepared before the experiment. A 10 -3 M luminol stock solution was prepared by dissolving 17.7 mg of luminol in NaOH and, phosphate-buffered saline (PBS: 10 mM KH 2 PO 4 and 150 mM NaCl, pH 7.4) was added up to 100.0 mL. PBS was used to control the acidity of the interacting system. HTAB (as a surfactant, final concentration was 10 -5 M) was added into the working solution of 10 -4 M luminol before adding PBS for maintaining luminol in basic environment (and 10 -5 
Preparation of plant extracts
The aerial parts of T. communis ssp. cretica were cutted into small pieces and air-dried until dryness at room temperature, and then powdered to a fine grade by using a laboratory scale mill.
Plant material (10 g) was extracted with distilled H 2 O at room temperature for two times (x 50 mL). The combined aqueous extract was lyophilized to give the crude dry extract (4.44 %, w/w) and this extract was used for the determination of antioxidant activity.
For testing the antimicrobial activity, the aerial parts of plant (10 g) were sequentially extracted with n-hexane, chloroform, ethyl acetate and ethanol at room temperature for two times (x 50 mL). The extracts were filtered and evaporated to dryness in vacuo at 40 °C. The crude n-hexane, CHCl 3 , EtOAc and EtOH extracts were obtained and the yields (w/w) are given respectively for the extracts as follows: 12.4, 9.6, 5.4 and 22.8 %.
All the extracts were stored at -20 °C until used. Before analysis, an aliquot of each extract was dissolved and used in all experiments.
Determination of total phenolic compounds
Total phenolic content of T. communis ssp. cretica aqueous extract was determined with Folin-Ciocalteu reagent, according to the method of Singleton et al. (22), using gallic acid as a standard. An amount of 50 μL sample was added to 250 μL of undiluted Folin-Ciocalteu reagent. After 1 min, 750 μL of 20 % (w/v) aqueous Na 2 CO 3 was added, and the volume was made up to 5.0 mL with H 2 O. After 2 h incubation at 25 ºC, the absorbance was measured at 760 nm and compared to a gallic acid calibration curve. Total phenolics were determined as gallic acid equivalents (mg gallic acid/g extract), and the values were presented as means of triplicate analyses (mean±SEM).
Antioxidant activity DPPH free radical-scavenging assay
The ability of the aqueous extract to scavenge DPPH free radicals was estimated to the method of Brand-Williams et al. (23). An amount of 0.75 mL of methanolic solution of the extract at different concentrations was mixed with 1.5 mL of a DPPH methanolic solution (20 mg/L). The controls contained all the reaction reagents except the extract or positive control substance. After 20 min incubation in darkness and at ambient temperature, the absorbance was recorded at 517 nm.
The percent of DPPH decolorization of the sample was calculated according to the equation % Decolorization = [1 -(ABS sample /ABS control )] x 100. BHT, quercetin and ascorbic acid were used as positive controls. The decolorization was plotted against the sample extract concentration, and a linear regression curve was established in order to calculate the IC 50 (mg/mL) which is the amount of sample necessary to decrease by 50 % the absorbance of DPPH. All the analyses were carried out in triplicate and results were expressed mean±SEM.
HOCl-or H 2 O 2 -induced luminol chemiluminescence (CL) assay
The inhibitory effect of the aqueous extract of T. communis ssp. cretica on the peak chemiluminescence of hydrogen peroxide (H 2 O 2 ) and hypochlorous (HOCl) (derived from NaOCl) was evaluated by using flow injection analysis (FIA)-luminol chemiluminescence (CL) method (24). A peristaltic pump was a Gilson Minipuls 3 and the injection valve was a Rheodyne RH-5020, obtained from Anachem (Luton, Bedfordshire, UK). The pump tubing has a suitable internal diameter, to deliver the required flow-rate. The remainder of the flow-injection manifold was constructed from PTFE tubing joined with low-pressure fittings from Anachem (UK). CL detection was carried out using a luminometer (Model:Lumi-Flo, Chrono-log, USA). Results were recorded on a chart recorder, (Model 706-707, Chrono-log, USA).
The oxidant stream was merged with a luminol/buffer reagent immediately before the luminometer. The total flow rate was 1 mL/min, shared equally between the luminol and the oxidant channel; the oxidant channel includes an injection valve in the middle, which allows making successive nominally 20 L injections of the extracts. Mixed flow of oxidant/antioxidant matches with luminol/buffer before the entrance to the flow cell.
The CL is measured as the photomultiplier output in mV; the effects of antioxidants were measured by the depression of the signal from its uninhibited level and were expressed as a percentage attenuation of the maximum CL due to the antioxidant. The sensitivity of extract was expressed as the inhibitor concentrations that elicited 50 % of the maximal responses (IC 50 , mg/mL). IC 50 values (mg/mL) of inhibitor effects of extracts and ascorbic acid were expressed as negative log M, using the Prism 3 Graph Pad program.
Thiobarbituric acid (TBA) assay
The lipid peroxidation activity was measured by the use of thiobarbituric acid (TBA) test described by Güvenç et al. (25) . Different concentrations of the lyophilized aqueous extract of T. communis ssp. cretica (0.016-1 mg/mL) and propyl gallate (0.000064-1 mg/mL) as reference were tested for their lipid peroxidation activity against liposomes prepared from bovine brain extract in phosphate-buffered saline. Peroxidation was started by adding 0.1 mL FeCl 3 (1mM) and 0.1 mL ascorbic acid (1 mM), followed by incubation at 37 o C for 20 min. The absorbance was measured at 532 nm by a Shimadzu UV-1800 spectrophotometer. The inhibition of lipid peroxidation was calculated as follows:
where FRM is the absorbance of control reaction, B is the absorbance of the blank mixture (liposomes only), ET is absorbance of the sample, EA is the absorbance due to the extract alone. The antimicrobial activity of the n-hexane, chloroform, ethyl acetate and ethanol extracts obtained from T. communis ssp. cretica was tested by microdilution broth susceptibility assay (26,27). Stock solution was prepared in DMSO. Dilution series using sterile distilled water were prepared from 4 mg/mL to 0.007 mg/mL in micro-test tubes (Eppendorf), which were transferred to 96-well microtiter plates. Overnight grown bacterial and C. albicans suspensions in Mueller-Hinton broth were standardized to (for bacteria and C. albicans app. 10 8 and 10 6 cfu/mL respectively) using McFarland No: 0.5 standard solutions. Each microorganism suspension was then added into the wells. The last well column with medium and microorganism served as a positive growth control. After incubation at 37 ºC for 18-24 h, the first well without turbidity was determined as the minimal inhibitory concentration (MIC). Chloramphenicol was used as standard antibacterial agent whereas ketoconazole was used as antifungal.
Mineral analysis
Plant material was digested in Microwave acid digestion system. An amount of 0.5 g raw plant material was subjected to acid digestion with HNO 3 65 % and H 2 O 2 30 % mixture in microwave digestion unit and analyzed using a Varian 30/40 model atomic absorption spectrophotometer.
Pb, Cd, and Mn levels were determined by electrothermal atomization techniques (Graphite Furnace System) (Varian, GTA-96). Cu, Fe, Al, Ca, Mg, and Zn levels were determined by flame atomic absorption system (Varian, PSC-56).
Atomic absorption parameters were given in Tables 1 and 2 .
RESULTS AND DISCUSSION
Antioxidant activity
In the present study, three different assays, namely, DPPH scavenging, HOCl-or H 2 O 2 -luminol chemiluminescence by flow injection analysis and thiobarbituric acid assays, were used to evaluate the antioxidant activity of the aqueous extracts of T. communis ssp. cretica growing in Turkey. DPPH and CL were often used to evaluate the free radical scavenging activity of pure compounds and extracts obtained from medicinal plants (28-30). Flow injection analysis is a rapid and quantitative method which can be used coupled with CL. TBA method was extensively used to determine the inhibition of lipid peroxidation. TBA reaction has been used for the detection of oxidative deterioration in lipids (25,31). In this study, DPPH scavenger capacity of the aqueous extract of T. communis ssp. cretica was compared with known antioxidant substances such as BHT, quercetin and ascorbic acid. The DPPH radical-scavenging activities of the reference substances and the extract are shown in Table 3 . The aqueous extract of the plant was capable of scavenging DPPH radicals in a concentration-dependent manner. IC 50 value was estimated as 2.85±0.30 mg/mL for the aqueous extract of the plant. It was evident that the extracts did show the hydrogen donating ability to act as antioxidants. The effectiveness of antioxidants as DPPH radical scavenger was ranged in the following descending order: quercetin (0.059±0.01 mg/mL) > ascorbic acid (0.09±0.01 mg/mL) > BHT (0.51±0.01 mg/mL) > aqueous extract of T. communis ssp. cretica (2.85±1.30 mg/mL).
In our FIA-CL study, a continuous CL signal from ±2.0x10 -6 mg/mL for T. communis ssp. cretica and ascorbic acid, respectively (Table 3) . By using FIA-CL method, we have demonstrated that the aqueous extract of T. communis ssp. cretica has moderate inhibitory effects on the peak chemiluminescence signal produced by luminol-H 2 O 2 or luminol-HOCl systems. According to the results in FIA-CL assay, the potency order was found to be ascorbic acid > the aqueous extract for H 2 O 2 -dependent CL and ascorbic acid > the aqueous extract for HOCl-dependent CL. TBA test has been extensively used for the measurement of lipid oxidation in the foods, plant extracts, and pure compounds. The TBA reaction is based on the fact that peroxidation of most membrane systems leads to formation of small amounts of free malonaldehyde (MDA). One molecule of MDA reacts with two molecules of TBA to yield a colored product, which in an acid environment absorbs light at 532 nm, and it is readily extractable by organic solvents. Thus, it can be measured spectrophotometrically, and the intensity of color is a measure of MDA concentration. The incorporation of any antioxidant compound in the mixture will lead to a reduction of the extent of peroxidation and hence a reduction in color formation and absorbance (25,32). In the TBA assay, IC 50 value was calculated as 3.82±1.67 μg/mL for the aqueous extract of T. communis ssp. cretica. Propyl gallate was used as reference and the IC 50 value was determined as 0.21±0.01 μg/mL (Table 3) . In addition, the content of total phenolic compounds in the aqueous extract of T. communis ssp. cretica were determined from regression equation of calibration curve and expressed in gallic acid equivalents (GAE) using by Folin-Ciocalteu method. It was observed that aerial parts of the plant contained 56.66±0.21 mg/g total phenolics determined as mg gallic acid/g extract. It was reported that the phenolic compounds have been shown to be responsible for the antioxidant potency of plant materials. It was reported that some biological activities of polyphenolic compounds in plants, like flavonoids, may be attributed to their antioxidant potency (33).
In a previous study, methanol, ethyl acetate and chloroform extracts of selective Crotaian plants, including T. communis, were tested for their acetylcholinesterase inhibition and antioxidant activity. Antioxidant activities were determined by DPPH radical scavenging test and ferric reducing/antioxidant power assay (FRAP). In addition, total phenolic content of extracts was determined using Folin-Ciocalteu colorimetric method. As a result, ethyl acetate extract of T. communis showed the best antioxidant activity in FRAP method with 1362 µmol/L. Total phenolic content of the ethyl acetate, methanol and chloroform extracts of T. communis was found to be 5.99, 87.43 and 17.20, respectively (34). Boumerfeg et al. (35) have investigated the potential of T. communis root extracts to inhibit xanthine oxidoreductase (XOR) and to act as an antioxidant and free radical scavenging material. In their study, it was observed that T. communis is an efficient inhibitor of xanthine oxidase and has a significant antioxidant and free radical scavenging properties, which could be attributed to phenolic compounds.
In other previous study, phenolic profiles of traditional edible wild greens from some Mediterranean areas were determined by using HPLC-DAD-ESI/MS. Black bryony was the wild green that possessed the highest content of phenolic compounds (2200 mg/kg) (36).
Antimicrobial activity
The antimicrobial activity of n-hexane, chloroform, ethyl acetate and ethanol extracts of the aerial parts of T. communis ssp. cretica were tested against one species of Grampositive bacterium, five species of Gramnegative bacteria, and one species of fungus. As summarized in Table  4 , the microorganisms were also inhibited with moderate activity having MIC values of 250-500 μg/mL, lower than those of the antimicrobial standard agents. However, none of the extracts showed any significant antimicrobial activity against microorganisms. In the present study, it was observed that the extracts of T. communis ssp. cretica exhibited antioxidant and antimicrobial activities. This study also firstly identified the direct antioxidant potential of T. communis ssp. cretica against a spectrum of oxidants (H 2 O 2 or HOCl) by using FIA coupled to luminol chemiluminescence. The experimental results pointed out that the antioxidant activities of the aqueous extract of the plant primarily due to the phenolic components such as flavonoids reported (15) in the plant. As a conclusion, this study reveals that T. communis ssp. cretica is a good candidate for a rich source of natural antioxidant compounds and further studies based on the present results will help to develop the new drugs for antioxidant therapy.
